Summary We evaluated the long
Introduction
Hip fracture is one of the most highly visible and devastating consequences of osteoporosis. It is wellestablished that hip fractures are a major cause of morbidity and mortality in the elderly [1] . More than 250,000 hip fractures occur annually in the U.S., and the direct medical cost associated with these fractures is estimated to exceed $20.6 billion each year [2] . Unless preventive interventions are undertaken, the number of hip fractures and their associated costs are projected to increase dramatically due to the aging of the "baby-boomer" population [3] . As costly new osteoporosis treatments become available, their economic value has been subjected to increasing scrutiny. To address this concern, a growing literature has weighed the costs of interventions relative to their effectiveness, as measured by impact on mortality and morbidity in formal cost-effectiveness analyses [4] [5] [6] .
An important parameter in such models is the excess mortality (i.e., deaths due to hip fracture that might be prevented). While there is considerable disagreement on this point, the high mortality rate following hip fracture is unquestioned [1] . It appears that the hazard of death is greater immediately after the hip fracture and declines with time thereafter [7] . Although studies that have examined short-vs. long-term mortality almost always have noted higher mortality within the first 6-12 months following the fracture [8] [9] [10] [11] [12] [13] , the extent to which long-term mortality is associated with hip fracture remains controversial. Some studies show persistent increased mortality [8, 12, 14, 15] , while others suggest either no long-term elevated mortality [9] or only modestly elevated long-term mortality relative to that expected in older individuals [10, 11, 13, 16, 17] .
The difficulty in attributing these excess deaths to the hip fracture per se relates to the fact that hip fractures tend to occur among those who face an already increased risk of death from other causes [18, 19] . Thus, patients with hip fracture are often frail and may have very limited health and functional status prior to the fracture. Such characteristics are difficult to control for and may not have been adequately measured in prior studies. Indeed, previous studies have been limited by measures of coexisting illness or functional status, with many studies, including the Baltimore Hip Study and EPIDOS, relying on self-reported pre-fracture functional status [8, 12] .
To help resolve this important issue, the current study examined the association between incident hip fracture and mortality, based on a nationally representative sample of U.S. elders and prospectively collected data on pre-fracture health and functioning. Our primary objective was to evaluate whether there is long-term excess mortality associated with hip fracture in the U.S. population ages 65 years and older. In addition, we examined whether hip fracture mortality differed by sex, race, age, institutionalization and health status.
Methods

Study population
We analyzed data collected from participants in the Medicare Current Beneficiary Survey (MCBS) who had one or more interviews between 1996 and 2000. The first interview in this time period was used to define cohort entry. MCBS is a longitudinal panel survey designed to provide a representative sample of all Medicare beneficiaries, including those who are institutionalized [20] . Over the period 1997 to 1999, mean initial survey participation rates were 83% [21] . By tracking individuals for up to four years (with three interviews per year) to collect data on health, function and socioeconomic status, MCBS provides detailed data on the population of elders in the U.S. ages 65 and older [22] . For our study, we obtained updated MCBS cost and use files until subsequent hip fracture, death or exit from the MCBS panel.
Ascertainment of hip fracture
Hip fractures that occurred in this cohort after MCBS panel entry were identified using Medicare claims data from 1997 through 2001. Persons hospitalized with a primary diagnosis of hip fracture (ICD-9 code 820.xx) and no evidence of bone metastases or prior fracture complications (e.g., removal of hardware) were flagged as having a hip fracture.
Ascertainment of death
The cohort was tracked through 2001 for mortality outcomes. Death occurring within six months of hip fracture was defined as "early mortality," while death occurring six months or more following a hip fracture was defined as "late mortality." No information was available on cause of death.
Covariate definitions
Covariate information came from both the MCBS interview data and Medicare claims administrative data. Functional status, comorbid conditions, income, place of residence, self-reported health, marital and smoking status, and activities/instrumental activities of daily living were updated at each MCBS interview, until a person no longer participated in the survey or until a hip fracture occurred.
Functional status
Activities of daily living (ADLs) were assessed for all participants. It was not possible to assess all instrumental ADLs (IADLs) among facility-dwellers. Persons were considered to have a limitation in an activity if one was reported or if they indicated that they could not perform an activity due to health reasons. The severity of limitations in ADLs/IADLs was assessed based on the proportion of activities that were limited. Persons limited in only one activity were defined as having mild limitations; those with limitations in a third of the activities (up to two limitations) were defined as having moderate limitations; those with impairments in half of the activities (more than two but less than four limitations) were defined as having severe limitations; and those with limitations in two-thirds of the activities (four to six limitations) were defined as having very severe limitations.
Clinical conditions/comorbidities
Comorbid conditions were assessed both through selfreport of prior diseases in the MCBS survey and through administrative claims data using the Iezzoni index [23] .
Iezzoni comorbidities were defined using diagnoses from both short-term hospital (MEDPAR) claims and evaluation and management (Part B) claims. To be considered valid, we required two Part B claims at least 7 days apart or any MEDPAR diagnosis. Each comorbid condition was assigned the date of first diagnosis of the specific condition. Once persons were assigned a comorbid condition, they were considered to have it from that point onward. Statistical analysis Data on patient characteristics were re-weighted to reflect the U.S. Medicare population based on MCBS sampling weights. MCBS provides both cross-sectional and longitudinal weights [24] . However, because we created a longitudinal cohort using multiple MCBS years, the weights applied were an average of MCBS cross-sectional weights.
Associations between baseline characteristics and incident hip fracture were assessed using chi-squared tests. To assess associations after adjustment for age, sex and race, logistic regression models were used. Comparisons of time to death from cohort entry between those who had incident hip fracture and those who did not were made using log-rank tests.
Cox proportional hazards regression models with timevarying covariates were used to examine associations between hip fracture and mortality among MCBS survey participants followed through 2001. This model defines the hazard, λ i (t, x i (t)), for individual i at time t with covariates x i (t) as follows: λ i (t, x i (t)) = λ 0 (t) exp{ x i (t) β}. Using this model, we defined one time-varying covariate of interest as whether or not a hip fracture occurred. Following hip fracture, associations with early and late mortality were assessed using a post-fracture time period indicator of whether or not six months had passed from the incident fracture. Hazards were estimated under three covariate adjustment models. The first adjusted only for age, sex and race. The second added detailed patient-level data concerning health, functional status and socioeconomic status obtained from both MCBS and Medicare claims data. The third model included all but the socioeconomic variables contained in the second model (see Appendix for a complete list of covariates).
To assess the importance of pre-fracture health as a determinant of excess mortality, we estimated hazard ratios (HR) associated with hip fracture within strata defined by health status. In these analyses, health limitations (any vs. none) were defined on the basis of any reported limitations in ADL/IADLs and/or presence of any of the following comorbid conditions: Parkinson's disease, stroke, rheumatoid arthritis, diabetes, dementia, cancer (solid tumors), lymphoma or leukemia, chronic pulmonary disease, coronary artery disease, congestive heart failure, peripheral vascular disease, severe chronic liver disease and chronic renal failure in the first interview year. Likewise, we examined the role of hip fracture as a contributor to excess mortality in analyses stratified by sex, race (black vs. non-black), age (<80 vs. 80+) and facility-dwelling status (facility-dweller vs. not).
To demonstrate the difference that careful adjustment for comorbid conditions, functional status and socioeconomic factors can have on estimates of hip fracture-attributable population mortality, we computed attributable relative risk as [pH*(HR-1)]/(pH*(HR-1)+1) [25] , where pH is the probability of hip fracture at any given age and HR is the hazard ratio associated with incident hip fracture (a weighted average of hazards estimated for early and late mortality applied only in the year after the fracture occurred). The calculations were made first with hazards from the minimally adjusted model, which did not include health status or socioeconomic factors (Appendix, Model 1), and then with hazards from the fully adjusted model (Appendix, Model 2). The probability of hip fracture at any given age was based on data from Olmsted County, MN [26] and age-specific mortality estimates were taken from the 2001 U.S. Life Tables [27] .
Results
Study population
A total of 25,178 MCBS survey participants were included in the analysis, with a median follow-up duration of Compared to those without hip fracture, persons with incident hip fracture were older at cohort entry (average age of 82 vs. 76 years, p<0.001), more often female (74% vs. 58%, p<0.001), and most commonly white (95% vs. 88%, p< 0.001). After adjustment for age, race, and sex, they reported living alone more frequently and were less likely to be HMO members (Table 1) . At cohort entry, those who later sustained a hip fracture already reported more limitations and more severe limitations in ADLs and IADLs than those who did not fracture (Fig. 1) . After adjustment for age, sex Fig. 1 Proportion of subjects at cohort entry with any limitations in activities of daily living (ADLs) and instrumental activities of daily living (IADLs) and severity of impairment and race, smoking status and self-reported health status at the initial interview did not differ between those who later sustained a hip fracture and those who did not; however, there were some differences in comorbid conditions (both self-reported and claims identified), as shown in Table 2 .
Mortality following hip fracture
Crude mortality
Crude mortality by the end of 2001 differed according to whether or not a hip fracture had occurred. Altogether, there were 5,690 deaths in the cohort. Among those with hip fracture, 40% had died and 50% of those deaths occurred within six months of the hip fracture. Among those without hip fracture, 22% had died. Comparisons of time to death from the initial survey between those with and without incident hip fracture showed significant differences for most demographic and health characteristics as shown in Tables 1 and 2 .
Early (<6 months) and late mortality
The likelihood of both early (HR:11.6, 95%CI: 8.9, 15.1) and late mortality (HR: 1.37, 95%CI: 1.16, 1.62) following hip fracture was significant when adjustment was limited to age, sex and race (Fig. 2, Model 1) . When the analysis included adjustment for pre-fracture functional status, socioeconomic status, facility residence, body mass index, other self-reported comorbid conditions and overall health status (Fig. 2, Model 2) , only mortality within six months was significantly increased (HR: 6.28, 95%CI: 4.82, 8.20) . Late mortality risk was not elevated (HR: 1.04, 95%CI: 0.88, 1.23). Hazard ratios for early mortality were unchanged with the addition of socioeconomic status variables (Fig. 2, Model 3) , and hazard ratios for late mortality were nearly identical (HR: 1.02, 95%CI: 0.87, 1.21). In analyses that examined mortality following hip fracture within subgroups defined by sex, race (black vs. non-black), age (<80 vs. 80+), facility-dwelling status (institutional vs. community dweller), and health status (limitations vs. no limitations), we found no evidence that either early or late mortality following hip fracture was affected by these factors (Fig. 2) .
Fraction of population mortality attributable to hip fracture
The proportion of mortality attributable to hip fracture was higher for women than men, increased with age and was markedly lower when hazard ratios were adjusted for health status (Fig. 3) .
Discussion
Mortality following hip fracture has been the focus of many investigations carried out over the past 25 years [1] . Although it is well-recognized that mortality is elevated following hip fracture, controversy remains regarding the extent to which mortality may be reduced through hip fracture prevention because those at highest risk of hip fracture are frail and elderly and already at increased mortality risk. Our analysis of an MCBS survey cohort, a representative sample of the U.S. Medicare population, indicates that hip fracture is associated with excess early mortality, but we found no evidence of excess mortality risk beyond the first six months following fracture. This is important, because estimates of the impact of hip fracture prevention on population health may be exaggerated if excess long-term mortality is assumed when this is not appropriate.
Our finding of high excess mortality close to the time of fracture is consistent with other reports [7] [8] [9] [10] [11] [12] [28] [29] [30] [31] . Regardless of study design, investigations that have examined mortality by time since hip fracture have noted the highest excess risk closest to the time of fracture. The duration of the early elevated excess risk is most commonly reported as six months, but ranges from 3 months to 12 months.
In contrast to several studies that report significant longterm excess mortality [8, 12, 14, 15, 31] , we found no evidence of excess mortality beyond six months following fracture. A prominent difference between those reports and ours is the nature of the study population. Our study population is representative of the elderly U.S. population and includes those who are institutionalized. Thus, our study cohort differs in health from the community-dwelling ambulatory elderly cohorts that have been the focus of other reports [12, 18] . The extent to which a healthy cohort may influence estimates of long-term excess mortality is exemplified by Magaziner et al. [8] who highlighted the potential for long-term excess mortality in those with few ADL/IADL impairments or with few comorbid conditions. Fig. 2 Hazard ratios and 95% confidence intervals for early (within 6 months) and late (beyond 6 months) mortality following hip fracture. Models 1, 2, and 3 include all subjects. Model 1 adjusts for age, sex, and race; Model 2 adjusts for age, sex, race, functional status, comorbid conditions and socioeconomic variables; Model 3 adjusts for age, sex, race, functional status, and comorbid conditions. Results for specified strata show hip fracture hazard ratios under Model 2 Fig. 3 Proportion of mortality in the population that is attributable to hip fracture by age and sex when adjustment is limited to age, sex and race (no health status adjustment) and when health status and comorbid conditions are also included (health status adjustment). Error bars show upper 95% confidence interval This may help explain divergent findings from our nationally representative cohort of elders, for which no long-term excess was observed, and findings from healthier longitudinal cohorts such as EPIDOS [12] , for which continued excess risk was noted.
Differing methodological approaches to characterizing excess mortality in other studies may also have resulted in higher long-term risks than those we report. In particular, studies that rely on comparisons between mortality in hip fracture patients relative to age-and sex-specific expected mortality in the general population [13, 32, 33] may not have adequately accounted for the pre-fracture frailty and illness in those who sustain a hip fracture relative to their peers. As a result, these studies may suggest a much greater adverse health impact associated with fracture than is warranted. Likewise, case-control studies matched on age and a retrospective review of health conditions are unlikely to adequately control for pre-fracture health [15, 31, 34] .
Our ability to adjust for detailed pre-fracture functional status using prospectively collected longitudinal data in a nationally representative sample is a key strength of our study. As with any longitudinal study, however, our findings are predicated on the quality of follow-up over the period studied. An in-depth evaluation of the impact of non-response on MCBS survey estimates over the period 1997 to 1999 showed favorable initial participation and follow-up rates (83% participation, with panel attrition of 11%, 5%, and 3% in the initial, second and third survey years). Both initial non-response and attrition were lower among those in poor versus better health. Current MCBS non-response procedures have been found to substantially reduce or eliminate potential non-response bias [21] .
Our analysis of mortality following hip fracture did not account for clinical presentation, the timing or type of fracture repair, which have been the focus of other studies [35] [36] [37] [38] . Still, the difference in mortality attributable to hip fracture when considering only age, sex, and race in comparison to more fully adjusted estimates highlights the importance of pre-fracture health and functional status as an important predictor of death. We note that whether or not socioeconomic factors were included in the analyses had no impact on mortality following hip fracture (Model 2 and Model 3 comparison). Although attributable mortality increases with age, it is reduced by approximately 50% when pre-fracture health, functional status and factors other than age, sex and race alone are considered. For example, to estimate the number of potentially preventable deaths in the elderly U.S. population, we applied our estimates of attributable risk to the total number of deaths observed in the Medicare population (ages 65 and older who were not covered by managed care) in the year 2000. When only adjusting for age, sex and race, 79,370 of 971,570 deaths among women and 27,890 of 764,350 deaths among men were attributable to hip fracture. When adjusting for prefracture health status, the number of deaths attributable to hip fracture dropped to 40,690 in women and 13,930 in men. Thus, although short-term mortality may be prevented through hip fracture prevention, the extent to which longevity in the community may be improved by treatment remains uncertain [10, 17, 18] .
Our analyses of the impact of hip fracture on short-and long-term excess mortality for specific population subgroups may provide some additional insights. Although we found evidence of higher mortality in men than in women (see Appendix for main effects of sex), a finding consistent with other reports [15, 32, 33, [39] [40] [41] [42] , mortality between men and women did not appear to differ according to whether or not a hip fracture occurred. This finding contrasts with a report from the 15-year longitudinal Cardiovascular Health Study that found only 6-month excess mortality in men, but 4-year excess mortality in women [43] . Although our stratified analysis indicated potentially worse hip fracture mortality for non-blacks compared to blacks and for non-facility dwellers compared to facility-dwellers, these did not appear to differ according to whether or not a hip fracture occurred. Larger studies based on Medicare claims data [42, 44] , have reported significant sex and race interactions, with black females having the poorest outcomes, but we did not have sufficient power to examine sex-race interactions in our population. In addition, we did not have sufficient power to examine such interactions in the context of early and late excess hip fracture mortality risks.
Although our analysis focuses on excess mortality following hip fracture, excess mortality following other fractures is also of concern [33] . Separating out the effects of comorbid conditions from fracture complications is challenging. Unfortunately, the difficulty in accurately identifying vertebral fractures in claims data precludes a similar analytic approach to estimating excess vertebral mortality risk using the MCBS survey cohort.
In summary, although it may be possible to prevent a subset of early deaths, preventable excess long-term mortality is likely to be quite modest and, therefore, difficult to identify in any study using conventional statistical approaches unless an extremely large population is studied [10] . Our study indicates that fracture prevention may be of limited benefit in extending overall life expectancy due to the multiple competing mortality risks faced by the frail elderly. 
